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AERODYNAMIC CHARACTERISTICS A9 S~ERSORIC SPEEDS OF A 

SERIES OF WING-BODY COMBLPIATIONS HAVING CAMBERED 

WINGS W I T H  AN ASPECT RATIO OF 3.5 

AND A TAPER RATIO OF 0.2 

EEFECT AT . M  = 2.01 OF NACELLE SHAPE A-TD POSITION ON 

THE AERODYNAMIC CHARACTERISTICS IN PITCH 

OF TWO WING-BODY CCMBINATIONS 

WITE 47O SWEPTBACK WINGS b 

By Cornelius Driver 

SUMMARY 

An Fnvestigation a t  M = 2.01 has  been  conducted in   the  Langley 
4- by  &-foot  supersonic  pressure  tunnel t o  determine the effect of a 
series o f  nace l l e s  on t h e   l o n g i t u d i n a l   s t a b t l i t y   c h a r a c t e r i s t i c s  of  a 
sweptback  wing-body  Combination.  Nacelle shape &nd pos i t ion  were varied 
on a configurat ion  with a ‘6-percent-thick wing having  an  aspect   ra t io  
of 3.5, a taper r a t i o  of  0.2, and 470 of sweep a t  the  quarter   chord.  
S imula ted   par t ia l ly  submerged nacelles were tested on t h i s  wing-body 
combination  and also on a similar configurat ion  with a wing having a 
12-percent- thick  root   sect ion.  The Reynolds number -was 2.2 x 106 based 
on the wing mean aerodynamic  chord. 

The shape  and  location of the ex te rna l   nace l l e s  had only small 
effects on the   d rag   coe f f i c i en t  and t h e   l i f t - d r a g   r a t i o  of the configu- 
r a t ions   . t e s t ed .  With the partially submerged nacelle configurat ions 
( tes ted   wi thout   in te rna l  air  flow), t h e   t o t a l   d r a g  was about   the  same 
for  the  6-percent-thick wing and the wing with  thickened  root   sect ions.  

M 2.01 were of the same order  .as the drag increments at M = 1.6. 
L In general,  the  magnitudes of the  drag-coeff ic ient   increments  at 
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A research program has  been  in  progress a t  the  Langley  Aeronautical 
Laboratory t o  determine a t  subsonic,  transonic,  and  supersonic  speeds 
t h e   e f f e c t s   o f   t h i c k n e s s   r a t i o  and sweep on t h e  aerodynamic  characteris- 
t i c s   o f  a series of wing-body combinations. The cambered  wings  have  an 
aspect r a t i o   o f  3.5 and a taper r a t i o  of 0.2. The e f f e c t s  o f  sweep at 
subsonic  and  transonic  speeds are presented  in   references 1 and 2. The 
e f f e c t s   o f  sweep, t h i ckness   r a t io ,  and  nacelle  posit ion on the  longi-  
t u d i n a l  and lateral s t a b i l i t y   c h a r a c t e r i s t i c s  a t  a Mach number of  1.60 
are presented in references 3, 4, and 5.  The e f fec t s   o f   bo th  sweep  and 
t h i c k n e s s   r a t i o  on the   l ong i tud ina l  and l a t e r a l   s t a b i l i t y   c h a r a c t e r i s t i c s  
at a Mach number o f  2.01 are presented in  references 6 and 7. 

This pper p resen t s   t he   r e su l t s  of tests a t  M = 2..01 of  a majori ty  
of   the  nacel le   configurat ions  previously  tes ted a t  M = 1.60 ( re f .  5 ) .  
The nacelle  shape and loca t ion  were varied on a 6-percent-thick  wing 
having  the  quarter-chord  l ine swept  back 470. Simulated submerged 
nace l les  were a l s o  tested on th i s   conf igura t ion  and on a simular  configu- 
r a t ion   w i th  a wing  having a thickened  root  section. The root-section 
t h i c k n e s s   r a t i o   n @ e d   l i n e a r l y  from 12 percent a t  t h e  body cen te r   l i ne  
t o  6 percent a t  the  40-percent-semispn  s ta t ion.  L i f t ,  drag, and 
pitching-moment r e su l t s   a r e -p resen ted   fo r  a Mach number of 2.01 and a 
Reynolds number of  2.2 X 10 based  on  the  wing mean aerodynamic  chord. 
The data of  t h i s  paper are presented  with a minimum o f   a n a l y s i s   t o  
expedi te   publ icat ion.  
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SYMBOLS 

F mean aerodynamic  chord  of  wing, 0.646 ft 

CD drag   coef f ic ien t ,  D/qS 

&D nacelle  drag  increment,   drag-coefficient rise due t o  
addi t ion   o f   nace l les   to   bas ic  wing configuration 

c, pitching-moment coeff ic ient   about  the quarter  chord of 
t h e  mean aerodynamic  chord, m/qSF 

D drag 

L l i f t  
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f.r Mach number 

m p i t ch ing  moment 

P s t a t i c   p r e s s u r e  

9 dynamic pressure,  21. @42 

S wing-plan-form area, 1.143 sq ft 

2 

a angle  of a t tack,   deg 

Y r a t i o   o f   t h e   s p e c i f i c   h e a t s   o f  air  

4f angle of yaw, deg 

APPARATUS 

Tunnel 

The tests were conducted in  the  Langley 4- by 4-foot  supersonic 
pressure tunnel described in reference 3 .  

Models  and  Equipment 

The basic   wing-body'configurat ion  ( f ig .  I) consis ted of a 'body - 
formed  by  an ogival  nose  and a constant-diameter   cyl indrical   sect ion 
with a 6-percent   - thick  tapered  wing  having  the  quarter-chord  l ine  swept  
back 47O. Body and  wing  dimensions are g iven   in   f igure  1. For one 
test ,  the  6-percent-thick  wing was replaced by a similar wing with a 
thickened  root   sect ion.  The thickness  of t h e  wir-g va r i ed   l i nea r ly  from 
12 percent a t  t h e   f u s e l a g e   c e n t e r   l i n e  t o  6 percent a t  the  40-percent- 
semispan s t a t i o n  and w a s  a constant   thickness   ra t . io   over  the remainder 
of the semispan.  Ordinates  for  both  wings are Fresented   in  table I. 

Two bas ic  nacelle shapes w e r e  used  during mcst o f  these  tes ts .  The 
open n a c e l l e   ( f i g .  2(a))  allowed  straight-through air passage  and  the 
f a i r e d   n a c e l l e   ( f i g .   2 ( b ) )  was closed a t  both  entrance and e x i t .  The 
three NACA series one-nose i n l e t s  (ref. 8) used cxn t h e  open nace l l e  are 
i l l u s t r a t e d  i n  f igu re  2(aj. Dimensionb of  both  faired  and open nace l les  
are given  in   f igure 2. 

1 
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The faired nace l les  were mounted a t  fou r   ve r t i ca l   pos i t i ons   w i th  
r e s p e c t   t o   t h e  wing  chord  plane. The open nace l les  were tested only a t  
pos i t ion  3 as shown in  figure 3. The posit ions  designations  denoted  in 
f igu re  3 w i l l  be used  throughout t h i s  paper. The nace l les  were sup- 
ported  on  each  wing p n e l  by variable l e n g t h   s t r u t s  which were swept 
forward 75O. The angle between the nace l l e   cen te r   l i ne  and t h e   l i n e  
formed  by jo in ing  the t o p  of the n a c e l l e   e x i t   l i p  w i t h  the wing t r a i l i n g  
edge a t  t h e   n a c e l l e   s t a t i o n  was constant a t  150 f o r  a l l  open nace l les  
tested. Nace l le   s t ru t  details are shown i n  figure 2. 

The submerged n a c e l l e   i n s t a l l a t i o n s  which were tested on t h e  
6-percent-thick and thickened  root  wings are shown i n   f i g u r e s  &(a) and 
4(b) ,  respec t ive ly .  The f r o n t a l  areas ( inc luding   the  area buried i n   t h e  
wing) of two submerged nace l les  and o f  one  open o r   f a i r e d   n a c e l l e   ( f i g .  3) 
were equal.  

The models were sting-supported  and had a six-component i n t e r n a l  
strain-gage  balance in  the body. The model  and s t i n g  are shown i n  
f igure  5 .  

The models,  balance,  and  indicating  equipment were furnished by  an 
A i r  Force  contractor. 

TESTS, CORREZTIONS, AND ACCURACY 

Tests 

The condi t ions   for   the  tes ts  of   the wing-body configurations  were: 

Mach number . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.01 
Reynolds number, based on E . . . . . . . . . . . . . . . . .  2.2 x 106 
Stagnation  dewpoint, OF . . . .  : . . . . . . . . . . . . . . . . .  <-30 
Stagnation  pressure, pounds per  square  inch . . . . . . . . . . . .  14 
Stagnation  temperature, OF . . . . . . . . . . . . . . . . . . . .  110 

Tests o f  a l l  configurat ions were made through  an  angle-of-attack 
range from -9 t o  130. The body alone and the basic  wing-body  combination 
were tested with  and  without a t r a n s i t i o n   s t r i p  on the   nose   t o   e s t ab l i sh  
the   type  o f  boundary l aye r   ex i s t ing   du r ing   t he  tests ( r e f .  6) .  The 
boundary  layer of t h e  body alone was laminar for t h e  Reynolds number o f  
the test .  The nacelle  configurations  presented  in t h i s  inves t iga t ion  
were not  tested w i t h   t r a n s i t i o n   s t r i p s .  

t 
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Cal ibra t ion  o f  t he   nozz le   p r io r   t o   t hese  tests has shorn that the 
flow i n   t h e   t e s t   s e c t i o n  is reasombly  uniforni. The magnitude of  t he  
v a r i a t i o n s   i n   t h e  flow  parameters i s  summarized in   t he   fo l lowing   t ab le :  

Mach number . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  *0.015 
Flow angle i n  horizontal   plane;  degrees . . . . . . . . . . . . .  k O . 1  
Flow angle   in   the   ver t ica l   p lane ,   degrees  . . . . . . . . . . . .  f O . l  

The ang le   o f   a t t ack  .of t h e  model was corrected for  de f l ec t ion  of 
the  balance  and  support  system due t o   l i f t  and  Fitching moment. Angle 
cor rec t ions  w e r e  obtained from in-pla'ce ca l ibra t ion   of   the   %lance   for  
various lift loads and pi tch lng  moments. 

The v a l i d i t y  of these   cor rec t ions  was verified d u r i n g   t h e   t e s t s  a t  
M = 1.60 ( r e f .  3). The est imated  angle-of-at tack  error  was i O . 1 0 .  
During  these tests, the model was yaded about -0.2O due t o  misalinement. 
No cor rec t ions  were a p p l i e d   f o r   t h i s  y a w  'angle o r  for the   f low  var ia t ion  
i n  t h e   t e s t   s e c t i o n .  

The es t imated   e r rors  Fn t he   fo rce  data obtained  by.  comparing  the 
h r e s u l t s  of two tests of the same configurat ions are as follows: 

CL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  *0.001 
CD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  +0.001 

cm . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ro.001 

The base pressure   for  a l l  conf igura t ions   t es ted  was measured  and 
the   d rag   da ta  were cor rec ted   to   cor respond  to  a base pressure e q u a l   t o  
free-stream s t a t i c   ' p r e s s u r e .  

RESULTS 

The r e s u l t s  are p r e s e n t e d   i n   t h i s  paper with a minhum  of   analysis  
to   expedi te   publ ica t ion .  The variations of   d rag ,   nace l l e   d rag   i nc reen t ,  
p i tch ing  moment, and  angle of  a t t a c k   w i t h   l i f t   c o e f f i c i e n t  are presented 
in  figures 6 t o  10 fo r  a Mach number of 2.01 and a Reynolds number of 
2.2 x 10 6 based on the wing mean aerodynamic  chord. The fac to r   r equ i r ed  
t o  conver t   the   nace l le   d rag   increment   to  a value  based on nace l l e  frontal 
a rea  is l i s t e d   i n   e a c h   f i g u r e .  A test w i t h   t r a n s i t i o n  fixed a t  the  nose 

slight increase in d r a g   ( r e f .  6 ) .  
- of  the  body on the  6-percent- thick wing-body com3ination showed only R 
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The l i f t - d r a g   r a t i o s   f o r  most of the   conf igura t ions  are presented 
in   f i gu re  11. It i s  evident from f igure  11 tha t   the   nace l le   shape  and 
loca t ion  have only a small e f f e c t  on the  m a x i m u m  l i f t - d r a g   r a t i o ,  The 
drag  penalty  of  the  thickened  root wing-body configurat ion becomes small 
when the  use of simulated submerged nace l les  is considered.  Representa- 
t i v e   s c h l i e r e n   p i c t u r e s  are presented  in  f igure 12. 

In  general,  the  magnitudes  of t h e  drag  increment a t  M = 2.01 are 
o f   t he  same order as the  drag  increments a t  M = 1.6 ( ref .  5 ) .  The 
maximum l i f t - d r a g   r a t i o s ,  however, decreased  with  increasing Mach 
numbers. 

Langley  Aeronautical  Laboratory 
National  Advisory Committee for  Aeronautics 

Langley  Field, Va. 
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Balance  moment 
center, Y4 M.A.C. 

. .  

All dimensions  in inches 
unless noted 

f Body axis and 
wing  chord plane 

/ f 
Ogive  nose -., 20 R.  

1- Cylindrical section 
!- 25.Q 4 

. .  . .  . 

Figure 1.- Details of body and 47' sweptback wing. 
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(a) open nacelles. 

Fad nacelle 

(b) hired nacelle. 

Figure 2.- Detalla o f  open am3 faired nacellee, and nacelle strut. 
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Figure 3 . -  Nacelle pos i t i on  designation. 
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(a) Six-percent-thick wing. 

Figure 4.- Details o f  aubmerged nacelles a n d .  nacelle locations on wings. 
A l l  dimension6 In inches unless noted. 
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Nacelle passifion Nacelle  shape 
"" 0 I Faired 

0 2 Faired 
A 3 Faired 
h 4 Faired 
0 Wing without nacelles 

" 

"- 
"" 

.I4 

.I 2 

. I  0 

P 

. 0 4  

0 - 
-.I 0 .I 2 3 .4 5 

Lift coefficient, CL 

Figure 6.- Effec t  of position of  strut-mounted  faired  nacelles on the  
longitudinal cha rac t e r i s t i c s  of the  6-percent-thick wing a t  M = 2.01. 
The r a t i o  of wing-plan-form area t o  frontal area of  the two nacel les  

. is 46-37. 
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Nacelle position Nacelle shape 

" I Faired 
3 2 Faired 
A 3 Faired 
0 4 Faired 
0 wing without nacelles 

" 

"_ 
"- 

Y- 
O 

Figure 6. - Concluded. 
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CI, 

0 
e 

.02 

0 

- . . "" 

z Nacel le position Nocel le nose 
3 NACA - 1-66 -050 

0 3 NACA- 1 - 6 6 -  I O 0  
A 3 NACA - I-60-300 
0 Wing without d t e s  

Figure 7.- The effect of various nose configurations on the longitudinal 
characteristics of the &percent-thick wing with  the nacelles mounted 
at position 3 for M = 2.01. The ratio of wing-plan-form area to the 
frontal area of the two nacelles is 46.57. 
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Lift coefficient, CL 

Figure 7. - Concluded. 
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Nacelle position Nacelle shqe 
3 Faired 

0 3 1-66- 100 
0 Wing without nacelles 

.I 4 

.I 2 

.I 0 

.04 

0 
-.I 0 .I 2 3 .4 5 

Lift coefflclent, CL 

. " 

. 

Figure  8.- Effec t  of nacel le  shape on the   longi tudina l   charac te r i s t ics  
of the  &percent-thick wing with the  nacel le  mounted a t  pos i t ion  3 
f o r  M = 2.01. The ratio of  wing-plan-form  area t o  t he   f ron ta l  area 
of the kwo nacel les  is 46.27. 
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Figure 8. - Concluded, 
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Figure 9.- Effect of faired submerged.nacelles on the longitudinal 
characteristics of the 6-percent-thick wing at M = 2.01. The ratio 
of  wing-plan-form area to the frontal area of the four nacelles 
is 46.63. 
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Figure 9. - Concluded. 
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Figure 10.- Effect of faired submerged nacelles on the longitudinal 
characteristics of the wing with thickness r a t i o  varying from 12 to 
6 percent at M = 2.01. The ratio of wing-plan-form area to frontal 
area of the four nacelles is 46.63. 
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Figure 10. -. Concluded. 
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Figure 11.- Variat ion with l i f t  coefficient of the l i f t - d r a g  m t i o s  of  
the 6-percent-thick and var iable- thickness  wings with and without 
nacelles. M = 2.01. 
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(a) NACA 1-66-050 nose inlet; (b) NACA 1-66-100 nose inlet; 
IP = oo. d /  = 00. 

(c) NACA 1-60-300 nose inlet; (a) NACA 1-66-100 nose inlet; .v 
Jr = 00. $ = 50. L-75113 

Figure 12.- Schlieren  photographs of open and faired nacelles  mounted at 
position 3 on the 6-percent-thick wing. a = Oo; M = 2.01. 
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